Vinegar was produced from barley-, sweet potato-, and rice-shochu post-distillation slurry using jar fermentor within 19 hrs. All the vinegars showed radicalscavenging activity, angiotensin I converting enzyme (ACE) inhibition and advanced glycation endproducts (AGE) inhibition in vitro. The radical-scavenging activity of the vinegar produced from sweet potato-shochu post-distillation slurry was higher than that of other two kinds of vinegar on the organic matter basis. The ACE inhibitory activities of all the vinegars were higher than that of each post-distillation slurry. The main components that showed ACE inhibitory activity would be peptides, and their content increased during acetic acid fermentation. Regarding AGE inhibition, only riceshochu post-distillation slurry did not show such activity, but the other two post-distillation slurries and all the vinegars showed clear inhibitory activity. The activity appeared to depend on the concentration of amino groups except for sweet potato-shochu postdistillation slurry and the vinegar produced from it.
Shochu is a Japanese spirit mainly produced in the Kyushu area. About 380,000 kl of shochu are produced per year and about 480,000 kl of distillery wastewater are generated at the same time. Only a few shochu companies treat the wastewater by converting it to fodder with drying or process it by burning. Many shochu companies that are small-to-medium-size had difficulty in processing the wastewater, since drying and burning are costly. However, shochu distillery wastewater should be reduced following the enforcement of the law concerned with reducing, recycling, and reusing food industry wastes. Based on these circumstances, some shochu companies have formed a group for recycling of distillery wastewater. Some groups use a thermal-recycling system by methane fermentation and others use a material-recycling system by converting to fodder.
Shochu distillery wastewater (hereafter referred to as post-distillation slurry) contains many components originating from raw material, koji, and yeast. These components are expected to have various physiological activities. 1, 2) If post-distillation slurries are converted to physiologically active vinegar, the amount of distillery wastewater in the shochu industry will be reduced and shochu industry will be able to expand their business.
We have developed an emission-free rice-shochu production process combined with recycling distillery wastewater generated in conventional shochu making [3] [4] [5] [6] [7] and production of vinegar from the recycled distillery wastewater. 8) The vinegar produced from rice-shochu post-distillation slurry showed inhibition of angiotensin I converting enzyme (ACE) and radical-scavenging activity for lipid peroxyl radicals. 8) In this study, we applied the newly developed process to barley-and sweet potato-shochu post-distillation slurry, and we compared the physiological activities of three kinds of post-distillation slurries and vinegar produced from them with inhibition of advanced glycation endproducts (AGE) as well as ACE inhibition and radical-scavenging activity.
Materials and Methods
Post-distillation slurry. Rice-shochu post-distillation slurry was provided from a rice-shochu manufacturing company in Kumamoto Prefecture. Barley-shochu postdistillation slurry was provided from another shochu manufacturing company in Kumamoto Prefecture and sweet potato-shochu post-distillation slurry was provided from a sweet potato-shochu manufacturing company in Kagoshima Prefecture. Each post-distillation slurry was kept at À20 C until use. Recycled rice-shochu postdistillation slurry was prepared in our laboratory according to the method described in the previous paper.
4)
Microorganism. Acetobactor aceti IFO 3283 provided by the Institute for Fermentation Osaka (Osaka, Japan) y To whom correspondence should be addressed. Fax: +81-96-342-3669; E-mail: morimura@gpo.kumamoto-u.ac.jp was used for vinegar production. A. aceti IFO 3283 was selected as a citric acid tolerant acetogen. 8) Medium. The synthetic media shown in Table 1 were used for stock and precultivation of A. aceti IFO 3283. These media were slightly modified by the method of Mori et al. 9) and were autoclaved at 121 C for 20 min. Any post-distillation slurry was not autoclaved.
Production of vinegar from post-distillation slurry. Fifty ml of preculture media was poured into a 200-ml Erlenmeyer flask and autoclaved at 121 C for 20 min. After the medium was cooled to room temperature, it was inoculated with one loop of A. aceti IFO 3283 in the stock culture. Then, the flasks were incubated at 30 C at a rotation speed of 130 rpm for 24 hrs. 1.35 l of postdistillation slurry, 75 ml of ethanol, and 75 ml of precultured medium were poured into a 3-l jar fermentor (BMS03PI, ABLE Co., Tokyo). Cultivation was done at 30 C at a rotation speed of 600 rpm with 1 vvm of aeration. During the cultivation, the pH was controlled automatically to 4.0 by the addition of 3 N NaOH solution using a pH controller, but the concentration of dissolved oxygen (DO) was only monitored using a DO sensor. When acetic acid fermentation became active, the oxygen consumption rate increased and the DO concentration decreased to almost zero. Thereafter, acetic acid fermentation stopped due to lack of ethanol, then the DO concentration increased. The cultivation was stopped when the DO concentration reached the initial level.
Determination of physiological activities. Radicalscavenging activity was determined by the method reported by Kanazawa et al.
10) The assay mixture contained the final concentrations of 1.7 mM diethylenetriaminepentaacetic acid (DTPA), 16.7 M luminol, 1 mM t-butylhydroperoxide (t-BuOOH), various concentrations of sample, and 0.1 mg/ml hemoglobin in phosphate-buffered saline (pH 7.4). The control contained water instead of sample. The assay was started by addition of hemoglobin to the solution that contained other components and the luminol-increased chemiluminescence was measured by a Labsystems Luminoskan (Dainippon Pharmaceytical Co., Ltd., Osaka). The suppression of generation of radicals was expressed as IPOX 50 which indicates the required concentration of sample in the assay mixture to quench 50% of chemiluminescence.
ACE inhibition was determined by the method reported by Cushman and Cheung.
11) Hippuryl-Histidyl-Leucine (Hip-His-Leu, Peptide Institute, Inc., Osaka) as substrate, ACE from rabbit lung (Sigma-Aldrich Japan, Tokyo) as enzyme, and various concentrations of sample were mixed in borate buffer (pH 8.3). The control contained water instead of sample. The concentration of Hip which was generated by the reaction of Hip-His-Leu and ACE was measured. The suppression of the reaction was expressed as IC 50 which indicates the required concentration of sample in the reaction mixture to reduce the Hip concentration by 50% compared with the control.
AGE inhibition was determined by the method reported by Nagai et al.
12) All solutions were sterilized by passage through 0.20-m cellulose nitrate filter. Two ml of 10 mg/ml bovine serum albumin (BSA), 5 ml of 10 mg/ml ribose and 1 ml of 0.5 M phosphate buffer (pH 7.2) were mixed. Then 2 ml of water as control or 2 ml of sample of which the pH was adjusted to 7.2 was added. The mixed solution was incubated at 37 C for 7 days. One control sample was kept at 4 C for 7 days as a negative control. After 7-days incubation, all samples were lyophilized using a 10,000 Da cutting tube with 50 mM phosphate buffer (pH 7.2). The concentration of protein in the lyophilized sample was determined and was adjusted to 5 g/ml by dilution with 0.05 M carbonate buffer (pH 9.6-9.8). Then, the sample was poured into a well of a plate (Immuno Plate Maxisorp Surface, Nalge Nunc International, Denmark) and a 3-fold dilution was made 4 times continuously for each sample. The concentration of N " -(carboxymethyl) lysine (CML), one of the AGEs, in each well was determined by ELISA using anti-AGE monoclonal antibody (clone No. 6D12, TransGenic Inc., Kumamoto) as the first antibody and horseradish peroxidase conjugated antimouse IgG (Sigma-Aldrich Japan) as the second antibody. AGE inhibition was evaluated as the inhibition ratio of CML formation from glycated BSA.
Analytical methods. All samples for analysis were centrifuged at 8;000 Â g for 10 min at 4 C and then filtered with a cellulose nitrate filter (pore size 0.45 m, ADVANTEC, Tokyo). For the measurement of concentrations of free amino acids and amino groups, samples were pretreated with the addition of a 4-fold volume of 25% (w/w) trichloroacetate solution before filtration with cellulose nitrate filter. The concentration of organic matter (OM) of supernatant was analyzed by Japanese Standard Method. 13) Ethanol concentration was determined using gas chromatography (GC-353, GL Science, Tokyo) with a FS-WCOT.OV101 column for an oven at 50 C, injection at 180 C, and detection at 180 C. The concentration of citric acid and acetic acid were determined using an F-kit reagent (Behringer Mannheim, Germany) according to the manual. Protein 14) and BSA was used as standard. Total polyphenol content was determined by the method reported by Takahara et al. 15) and was expressed in terms of the caffeic acid equivalent. Concentrations of free amino acids were determined using an HPLC analysis system (JASCO, Tokyo) with an AA-pak Na þ column at 60 C in a column oven. Amino acids were separated with a pH step gradient using four kinds of solution, and then were reacted with orthophthal aldehyde (OPA)
Results and Discussion
Production of vinegar from post-distillation slurry Vinegar was produced from rice-, barley-, sweet potato-and recycled rice-shouchu post-distillation slurry using a 3-l jar fermentor (working volume = 1.5 l). The time course of acetic acid fermentation is shown in Fig. 1 . When the DO concentration returned to about 8 ppm, it was found that the ethanol concentration was zero in all cases. As shown in Table 2 , the fermentation time was within 19 hrs, although the concentration of acetic acid in vinegar produced from barley-and recycled rice-shochu post-distillation slurry was less than that of rice-and sweet potato-shochu post-distil- A, production from rice-shochu post-distillation slurry; B, production from recycled rice-shochu post-distillation slurry; C, production from barley-shochu post-distillation slurry; D, production from sweet potato-shochu post-distillation slurry. 
(mg/ml) -----------------------------------------------------------------------------------------------------------------------------------------
Fermented time 13 19 17 19 (h) lation slurry. The vinegar also contained citric acid that was already present in the post-distillation slurry and is known to be good for health.
Components of vinegar
The concentration of organic matter and the concentrations of protein, total polyphenol and free amino acids on the organic matter basis were determined and were summarized in Table 3 . The amounts of protein and total polyphenol were almost the same between the postdistillation slurry and vinegar produced from rice shochu. On the other hand, the amounts of protein and total polyphenol in the vinegar produced from barleyand sweet potato-shochu were higher than that of postdistillation slurry. The concentration of free amino acids increased clearly during acetic acid fermentation in all post-distillation slurries. It seemed that A. aceti IFO 3283 could cleave a peptide bond and decompose high molecular protein to peptides and amino acids.
Physiological activity of post-distillation slurry and vinegar
Radical-scavenging activity and ACE inhibition are shown in Table 4 . The IPOX 50 value of post-distillation slurry was almost the same as that of vinegar produced from each shochu post-distillation slurry. It appeared that the main antiradical components were already present in the post-distillation slurry and would not change during acetic acid fermentation. The IC 50 value for ACE of vinegar was lower than that of each post-distillation slurry except for recycled rice-shochu post-distillation slurry. This meant that ACE inhibition increased during acetic acid fermentation. It appeared that the increase of ACE inhibition was due to peptides which were generated from decomposed protein during acetic acid fermentation as shown in Table 3 and a relationship was observed between the protein contents in Table 3 and IC 50 values in Table 4 (r ¼ À0:76). In order to clarify this, purification and identification of the peptides will be required in future studies.
The inhibition of AGE by rice-shochu post-distillation slurry, the vinegar produced from it and the vinegar produced from recycled rice-shochu post-distillation slurry are shown in Fig. 2 . The inhibitory activity of rice-shochu post-distillation slurry was not clear, but the two kinds of vinegar showed clear inhibitory activity. It is known that generation of AGE is closely related to the Maillard reaction and radical formation. 12, 16) The radical-scavenging activities of rice-shochu post-distillation slurry, vinegar produced from it and vinegar produced from recycled rice-shochu post-distillation slurry were almost the same as shown in Table 4 . Therefore, the amino group content that could repress the Maillard reaction with BSA and ribose was measured. As shown in Table 5 , the concentration of amino groups was closely related to AGE inhibition and acetic acid fermentation was effective for increase of AGE inhibition in case of rice-shochu post-distillation slurries. The inhibition of AGE by rice-, barley-and sweet potatoshochu post-distillation slurry and their vinegars was also investigated. As shown in Fig. 3 , rice-shochu postdistillation slurry did not show inhibitory activity, but barley-and sweet potato-shochu post-distillation slurry showed clear inhibitory activity. On the other hand, all the vinegars produced from not only barley-and sweet potato-shochu post-distillation slurry but also riceshochu post-distillation slurry showed clear inhibitory activity. The concentrations of protein, free amino acids, and the amino group of sweet potato-shochu postdistillation slurry and vinegar produced from it were very low. However, the IPOX 50 values of sweet potatoshochu post-distillation slurry and vinegar produced from it were lower than that of rice-and barley-shochu post-distillation slurry or vinegar. Therefore, the AGE inhibition of sweet potato-shochu post-distillation slurry and vinegar produced from it may depend on their radical-scavenging activity or may contain the effective components that repress the formation of AGE.
As mentioned above, all vinegar produced from rice-, barley-, and sweet potato-shochu post-distillation slurry are functional from the point of radical-scavenging activity, ACE inhibition, and AGE inhibition. Further research is planned to purify the main components that have each activity and to clarify the physiological activities with in vivo tests. Table 3 (mol/mg-OM)
